INTRODUCTION
============

Aplastic anemia (AA) is a disorder characterized by pancytopenia (a reduction in the number of red blood cells, WBC, and platelets), hypoplastic bone marrow, and the absence of underlying malignancy \[[@B1]\].

The severity of AA varies widely from mild, chronic pancytopenia to total hematopoietic failure. The clinical outcome and choice of initial management depend on the severity of AA \[[@B2]\]. Stem cell transplantation (SCT) or immunosuppressive therapy (IST) is recommended for patients with severe AA (SAA) to improve their long-term survival with hematologic recovery \[[@B3]\]. Without treatment, the disease is known to be fatal. Severe cytopenia may cause many complications such as anemia, bleeding, and life-threatening infections. Bacterial sepsis and fungal infections are the most common causes of death as the disease progresses \[[@B4]\].

SAA is diagnosed when patients meet at least 2 of the following criteria: an absolute neutrophil count (ANC) of less than 0.5×10^9^/L, a platelet count (PLT) of less than 20×10^9^/L, or a corrected reticulocyte count (CRC) of less than 1%. These criteria have been almost unchanged since they were proposed by Camitta in 1976 \[[@B5], [@B6]\]. However, should we still use Camitta\'s criteria for the diagnosis of SAA? Since severe neutropenia leads to life-threatening infections, which is the most common cause of death in SAA patients, we wonder whether we should put the same weight on each of the 3 components of Camitta\'s criteria. There has been no attempt to verify Camitta\'s criteria, even though survival in SAA may differ based on ANC, PLT, and CRC, which are the components of Camitta\'s criteria. Therefore, this study was performed to determine survival in SAA according to ANC, PLT, and CRC to verify the relevance of Camitta\'s criteria in the diagnosis of SAA.

MATERIALS AND METHODS
=====================

We conducted a retrospective analysis of 117 patients diagnosed with SAA at Dong-A University Hospital in Busan, South Korea from January 1995 to July 2011. Diagnosis and assessment of the disease were on the basis of Camitta\'s criteria, which defines SAA as bone marrow cellularity of less than 30% and severe pancytopenia with at least 2 of the following peripheral blood count criteria: (1) ANC \<0.5×10^9^/L; (2) PLT \<20×10^9^/L; and (3) CRC \<1%.

Bone marrow biopsy and aspiration for morphology and cytogenetics were performed before diagnosis. All patients were tested for paroxysmal nocturnal hemoglobinuria clones using the Ham test until 2000, at which point the test was replaced by a flow cytometric assay \[[@B7]\].

In our study, all 117 patients were treated with SCT, IST, or conservative care. Patients who were less than 40 years of age, medically fit, and had a histocompatible donor underwent SCT. The others received IST, including doses of antithymocyte globulin alone or in combination with cyclosporine and prednisone. As shown in [Fig. 1](#F1){ref-type="fig"}, 54 patients received IST and/or underwent SCT, of which 47 received IST, 5 underwent SCT, and 2 received both treatments. Response to treatment was defined as no longer meeting the criteria for SAA and was evaluated 3 months after SCT or IST \[[@B8]-[@B10]\]. The number of treatment responders and non-responders in each treatment method is shown in [Fig. 1](#F1){ref-type="fig"}. Sixty-three patients received conservative care, including proper empirical antibiotic therapy and intermittent red cell and/or platelet transfusions. We analyzed patients who received conservative care and treatment non-responders in the final analysis.

The variables included in the analysis were age, sex, WBC, hemoglobin, ANC, PLT, CRC, hepatitis B surface antigen, and hepatitis C virus antibody (anti-HCV) at diagnosis. Descriptive statistics were used for covariables. Univariate and multivariate analyses were used to evaluate the factors affecting overall survival (OS). For the purpose of presenting a simple picture of the effect of these covariates on survival, variables were categorized according to Camitta\'s criteria.

OS obtained using the Kaplan-Meyer method was compared by the log-rank test. Cox proportional hazard regression analysis was used for univariate and multivariate analyses of factors affecting OS. *P* values less than 0.05 were considered statistically significant.

RESULTS
=======

Among the 117 patients with SAA, the median OS of the 54 patients in the treatment group and the 63 patients in the conservative care group were 152 months (95% CI, 119.58-184.83) and 90 months (95% CI, 16.17-163.82), respectively. OS in the treatment group was significantly higher than in the conservative care group (*P*=0.03). Among the 54 patients in the treatment group, 25 patients responded to IST or SCT ([Fig. 1](#F1){ref-type="fig"}). The median OS of the 25 patients in the treatment responder group and the 92 patients in the treatment non-responder and conservative care group was 195 months (95% CI, 156.06-235.59) and 90 months (95% CI, 26.29-153.70), respectively. The treatment responder group had a significantly higher survival rate than the treatment non-responder and conservative care group (*P*=0.001) ([Fig. 2](#F2){ref-type="fig"}). There was no significant difference between the OS of the treatment non-responder and conservative care groups. Based on this analysis, response to treatment with IST or SCT significantly affected OS. Since these findings could obscure an analysis of the natural course of SAA, we included the 92 patients only in the final analysis who either did not respond to treatment or only received conservative care to validate Camitta\'s criteria for predicting survival in SAA patients.

The baseline characteristics of the 92 patients are listed in [Table 1](#T1){ref-type="table"}. The median follow-up duration was 74.23 months (range, 54.71-93.74 months). The numbers of patients who satisfied Camitta\'s criteria for ANC and CRC, PLT and CRC, ANC and PLT were 45 (48.9%), 49 (53.3%), and 38 (41.3%), respectively, and 20 patients (21.7%) met all 3 components of Camitta\'s criteria.

The median OS of the 92 patients was 90 months (95% CI, 26.29-153.70). The median OS of patients with ANC \<0.5×10^9^/L was 57.53 months (95% CI, 4.97-110.08) and the median OS of patients with ANC ≥0.5×10^9^/L was 212.23 months (95% CI, 0-425.03). OS was significantly longer in patients with ANC ≥0.5×10^9^/L (*P*=0.014) ([Fig. 3](#F3){ref-type="fig"}). However, the OS of patients with CRC \<1% or ≥1% did not differ significantly (*P*=0.352), nor did the OS of patients with PLT \<20×10^9^/L or ≥20×10^9^/L (*P*=0.063).

Analysis of the effect of ANC \<0.5×10^9^/L or ≥0.5×10^9^/L; PLT \<20×10^9^/L or ≥20×10^9^/L; and CRC \<1% or ≥1% on survival by Cox proportional hazard regression analysis showed that ANC \<0.5×10^9^/L or ≥0.5×10^9^/L was the only significant factor affecting OS in both univariate analysis (*P*=0.01; HR=2.699; 95% CI, 1.18-6.17) and multivariate analysis (*P*=0.006; HR=3.213; 95% CI, 1.39-7.43). PLT \<20×10^9^/L or ≥20×10^9^/L, and CRC \<1% or ≥1% did not affect OS.

Univariate analysis of covariables, including age (continuous), sex, chromosome, HBsAg, anti-HCV, ANC (continuous and categorical by 0.5×10^9^/L), PLT (continuous and categorical by 20×10^9^/L), and CRC (categorical by 1%), showed that age, ANC, and PLT significantly affected OS. In multivariate analyses, OS was significantly affected by age and ANC ([Table 2](#T2){ref-type="table"}).

DISCUSSION
==========

The symptoms of SAA are caused by pancytopenia. Patients with severe anemia may have life-threatening conditions due to failure of the cardiac or circulatory system, especially if they have not received transfusions \[[@B11], [@B12]\]. Although bleeding due to thrombocytopenia was a major cause of death in the past, it is gradually declining due to the use of transfusions. Currently, infection leads to the highest percentage of death \[[@B13]\]. Recovery from anemia and thrombocytopenia by immediate transfusions is temporary, but patients can achieve tolerable states. Moreover, transfusions allow patients for whom IST or SCT are not indicated to maintain life. In contrast, despite empirical antibiotic therapy, uncontrolled infections caused by neutropenia end in septic shock and deprive patients of an opportunity to receive treatment for SAA (SCT or IST). Therefore, neutropenia seems to have the worst survival compared with the other 2 components of Camitta\'s criteria.

In the past, several predictive models have been proposed to predict survival in SAA patients. However, none gained wide acceptance because they were impractical (some models included complex formulas) or relied on subjective indices (such as bone marrow morphologies and differential counts) \[[@B14]-[@B16]\]. In 1976, Camitta et al. proposed more accurate criteria for SAA in a prospective randomized trial \[[@B17]\]. Patients who met the SAA criteria had better survival because they received earlier allo-SCT. After this study, the SAA criteria by Camitta et al. became the most widely accepted standard for the diagnosis of AA \[[@B18], [@B19]\]. However, it is difficult to understand the process or reason why Camitta chose ANC, PLT, and CRC for the diagnosis of SAA, and why he set the standard values as ANC \<0.5×10^9^/L, PLT \<20×10^9^/L, and CRC \<1%, and stated that 2 out of these 3 components must be satisfied. Until now, no studies have reviewed or validated Camitta\'s criteria.

The importance of ANC for predicting the prognosis of AA has been emphasized in other studies. Bacigalupo et al. subclassified SAA by ANC: very SAA (\<0.2×10^9^/L neutrophils) and moderately SAA (0.2-0.5×10^9^/L neutrophils) \[[@B20]\], and then patients were randomly assigned to receive IST or SCT. Patients with more severe AA showed better survival when treated with SCT than with IST. Another retrospective analysis of SAA patients treated with horse anti-thymocyte globulin (ATG)-based IST showed that baseline ANC was the most significant contributor to short-term survival \[[@B21]\]. Most patients with low ANC counts present to the clinic with septic conditions; therefore, they are not able to undergo aggressive treatment or receive SCT or IST. Since patients with low ANC tend to have shorter survival times or poor responses to therapy, these patients have not been included in prospective studies.

In our study, patients with low ANC also had significantly poor OS. ANC \<0.5×10^9^/L and age significantly affected OS in multivariate analysis. A patient with low ANC might have a high rate of infection and short OS. ANC was the only statistically significant component of Camitta\'s 3 criteria to have an effect on OS. Based on our analysis, we believe that ANC \<0.5×10^9^/L should be an essential component of SAA diagnosis. Age was another significant prognostic factor for OS. Older patients tolerate severe infections less well than younger patients, and this might have influenced their poor OS. As this study was retrospective in nature, there was little information on the performance status of the patients; therefore, we could not analyze survival by performance status.

Few studies have verified the prognostic impact of CRC or PLT on SAA. Furthermore, in our study, these 2 components did not have a significant impact on OS. However, there was only 1 patient with a CRC ≥1% among the analyzed patients. Of the 92 analyzed patients, 17 (18.5%) who satisfied Camitta\'s criteria for ANC and PLT were not tested for CRC. Therefore, we excluded CRC as a continuous variable in the univariate and multivariate analyses.

Our study is limited by its retrospective nature. However, it is difficult to perform a prospective study that randomizes patients into supportive care only or the appropriate treatment groups, because SAA is fatal if not treated. Since this study population only included those who were not able to receive more intensive treatments such as allogeneic SCT or IST, it is possible that this analysis is only valid for patients who are excluded from intensive treatment. Therefore, this analysis may be biased due to the inequality of the study population. If the conclusion is the same for all severe AA patients regardless of treatment type, then the conclusion that ANC is an essential component for the diagnosis of SAA will be more solid. However, to ensure that the response to IST or SCT significantly influenced OS, and to more properly determine the natural course of SAA in patients, we excluded patients who responded to treatment. Few studies have analyzed the optimal diagnostic criteria for SAA or reported the survival rate of untreated SAA. This study is the first report arguing for a change in the diagnostic criteria of SAA.

In conclusion, ANC should be an essential and not an optional criterion for diagnosing SAA. This study suggests the need for a modified Camitta\'s criteria. Further studies in large populations are required to verify whether each of the 3 components of Camitta\'s criteria has the same statistical power in SAA diagnosis.

![Diagram of patients included in this study. Abbreviations: SAA, severe aplastic anemia; IST, immunosuppressive therapy; SCT, stem cell transplantation.](kjh-47-126-g001){#F1}

![Survival curves according to the treatment response. The median survival was 195 months in the treatment responder group vs. not yet reached in the treatment non-responder and conservative care group (*P*=0.0014).](kjh-47-126-g002){#F2}

![Survival curves according to absolute neutrophil count (ANC). The median survival was 195 months in ANC \<500/µL vs. not yet reached in ANC ≥500/µL (*P*=0.014). Abbreviation: ANC, absolute neutrophil count.](kjh-47-126-g003){#F3}

###### 

Baseline characteristics of the study population.
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Abbreviations: ANC, absolute neutrophil count; CRC, corrected reticulocyte count; PLT, platelet count; PNH, paroxysmal nocturnal hemoglobinuria; BM, bone marrow; HBsAg, hepatitis B surface antigen; Anti-HCV, hepatitis C virus antibody.
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Univariate and multivariate analyses of the factors that influence survival.
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Abbreviations: ANC, absolute neutrophil count; ANC5, ANC \<500/µL; PLT, platelet count; PLT2, PLT \<20,000/µL; CRC1, corrected reticulocyte count \<1%; HBsAg, hepatitis B surface antigen; anti-HCV, hepatitis C virus antibody; ^+^, continuous variable; ^++^, categorical variable.
